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VOLTAGE REGULATOR may be set to any voltage value through adjustment of the 
bleeder resistors 107 , 108 , and 109 by trimming . 

RELATED APPLICATIONS In a normal state in which an overheated state is not 
detected , VF > VREF holds . Thus , the output of the com 

This application claims priority under 35 U . S . C . $ 119 to 5 parator circuit 103 becomes a HIGH state , and the transistor 
Japanese Patent Application No . 2015 - 238818 filed on Dec . 104 is turned off . As a result , a gate voltage of the output 
7 , 2015 , the entire content of which is hereby incorporated transistor 111 reaches a voltage of the output terminal of the 
by reference . error amplifier circuit 116 . Consequently , the output tran 

sistor is turned on , and an output voltage VOUT having a 
BACKGROUND OF THE INVENTION 10 predetermined potential is output . 

When the overheated state is detected , on the other hand , 
1 . Field of the Invention VREF > VF holds . Thus , the output of the comparator 103 
The present invention relates to a voltage regulator becomes LOW , and the transistor 104 is turned on . As a 

including an overheat protection circuit . result , the gate voltage of the output transistor 111 reaches 
2 . Description of the Related Art 15 a power source voltage , and the output transistor 111 is thus 
In general , a voltage regulator is configured to supply a turned off Consequently , the output voltage VOUT has a 

current depending on a load of an electronic device con - ground potential . 
nected to an output port , and energy consumption due to heat As described above , when the overheat protection circuit 
generation leads to electric power loss . Further , when a load 123 does not detect the overheated state , the related - art 
current increases , a temperature of the voltage regulator rises 20 voltage regulator 200 normally operates and outputs , from 
excessively and the voltage regulator itself may be damaged the output transistor 111 , the predetermined voltage VOUT 
Accordingly , there is provided an overheat protection cir - having a power source potential or lower . When the overheat 
cuits configured to prevent the voltage regulator from reach protection circuit 123 detects the overheated state , the 
ing a predetermined temperature or higher . related - art voltage regulator 200 turns off the output tran 
Here , a related - art voltage regulator including an overheat 25 sistor 111 so that the output voltage VOUT has the ground 

protection circuit is described ( e . g . , see Japanese Patent potential . In this way , the voltage regulator itself may be 
Application Laid - open No . 2005 - 100295 ) . protected from an excessive temperature rise thereof . 

FIG . 3 is a circuit diagram of a related - art voltage The transistor 110 is provided in order that the voltage 
regulator 200 . regulator is changed from the overheated state to the normal 

The voltage regulator 200 includes an overheat protection 30 state , and reversely from the normal state to the overheated 
circuit 123 including a temperature sensing circuit 115 , a state at different temperatures , that is , the voltage regulator 
reference voltage circuit 114 , a comparator circuit 103 , and has hysteresis . 
transistors 104 and 110 , and has the following configuration . In high - voltage and high - current voltage regulators , a 

The temperature sensing circuit 115 is formed of a con - large amount of electric power is lost due to a translational 
stant current circuit 101 and a diode 102 , and is configured 35 increase in load current under a high voltage state . The 
to output a voltage VF from a node between the constant electric power is lost mainly due to energy consumption by 
current circuit 101 and the diode 102 . an output driver generating heat . However , when the output 

The reference voltage circuit 114 is formed of a reference driver and a diode of a temperature sensing circuit are 
voltage 106 , a voltage follower circuit 105 , and bleeder arranged on a chip at positons away from each other , there 
resistors 107 , 108 , and 109 , and is configured to output a 40 is a temperature difference between a temperature near the 
voltage VREF from a node between the resistors 107 and center of the output driver at which heat is generated by the 
108 . largest amount and a temperature at the diode of the tem 

The comparator circuit 103 is configured to compare the perature sensing circuit , due to thermal gradient . 
voltage VF , which is output of the temperature sensing In the related - art voltage regulator 200 of FIG . 3 , there is 
circuit 115 , and the voltage VREF , which is output of the 45 a fear in that at a time when the overheat protection circuit 
reference voltage circuit 114 , to each other , and to output the 123 detects a predetermined overheated state , a temperature 
result of the comparison . Output of the comparator circuit near the center of the output driver ( output transistor 111 ) at 
103 is input to a gate of the transistor 104 and a gate of the which heat is generated by the largest amount may reach a 
transistor 110 . temperature of the predetermined overheated state or higher , 

The transistor 104 has a source connected to a power 50 and exceed a heat resistant temperature of the output driver 
supply terminal , and a drain connected to a gate of an output 111 to damage the output driver 111 . 
transistor ( output driver ) 111 of the voltage regulator 200 . 
The transistor 110 has a source connected to a ground SUMMARY OF THE INVENTION 
terminal , and a drain connected to a node between the 
resistors 108 and 109 . 55 The present invention has been made in view of the 

A voltage divider circuit formed of the resistors 112 and above - mentioned problem , and provides a voltage regulator 
113 is connected between a drain of the output transistor 111 capable of preventing an output driver from being damaged 
and the ground terminal . due to heat . 

An error amplifier circuit 116 is configured to receive a According to one embodiment of the present invention , 
divided voltage from the voltage divider circuit and a 60 there is provided a voltage regulator , including : an output 
voltage of a reference voltage 117 , and has an output transistor configured to output an output voltage ; a first 
terminal connected to the gate of the output transistor 111 . reference voltage circuit configured to generate a first ref 

Temperature characteristics of the temperature sensing erence voltage ; a voltage divider circuit configured to divide 
circuit 115 are based on temperature characteristics of a the output voltage to generate a divided voltage , and to 
forward voltage of the diode 102 , and the output voltage VF 65 output the divided voltage ; an error amplifier circuit con 
has a characteristic of being substantially - 2 mV / ° C . The figured to receive the first reference voltage and the divided 
output voltage VREF of the reference voltage circuit 114 voltage , and to control the output transistor such that the 
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output voltage is constant ; and an overheat protection circuit output a voltage VEAO as the result of the comparison to 
configured to detect an overheated state , and to turn off the supply a gate of the output transistor 18 with the voltage 
output transistor , the overheat protection circuit including : a VEAO . 
temperature sensing circuit configured to output a voltage With such a configuration , the voltage regulator 100 
depending on temperature ; a voltage difference sensing 5 outputs a constant output voltage VOUT from an output 
circuit configured to output a current depending on a voltage terminal thereof in a normal state . 
difference between a power source voltage to be supplied to The overheat protection circuit 23 is formed of a tem 

perature sensing circuit 11 , a reference voltage circuit 12 , a a power supply terminal and the output voltage ; an output 
current monitoring circuit configured to output a current comparator circuit 13 , a PMOS transistor ( overheat protec 
depending on a current flowing through the output transistor ; 10 tion transistor ) 14 , a switch 15 , a voltage difference sensing 

circuit 16 , and an output current monitoring circuit 17 . a second reference voltage circuit configured to generate a The temperature sensing circuit 11 has a configuration second reference voltage ; a comparator circuit configured to similar to that of the temperature sensing circuit 115 illus compare an output voltage of the temperature sensing circuit trated in FIG . 3 . Temperature characteristics of the tempera 
and the second reference voltage to each other ; and an 15 ture sensing circuit 11 are based on temperature character 
overheat protection transistor that includes a gate for receiv istics of a forward voltage of a diode , and an output voltage 
ing a result of the comparison by the comparator circuit , and VF has a characteristic of being substantially - 2 mV / ° C . 
is configured to turn off the output transistor when the result The comparator circuit 13 is configured to compare the 
of the comparison indicates the overheated state , the second output voltage VF of the temperature sensing circuit 11 and 
reference voltage of the second reference voltage circuit 20 an output voltage VREF2 of the reference voltage circuit 12 
being controlled based on an output current of the voltage to each other , and to output a voltage VCMP as the result of 
difference sensing circuit and on an output current of the the comparison . The output voltage VCMP of the compara 
output current monitoring circuit . tor circuit 13 is supplied to a gate of the PMOS transistor 14 

According to the present invention , the second reference having a source connected to the power supply terminal 10 
voltage is controlled based on an output current of the 25 and a drain connected to a gate of the output transistor 18 . 
voltage difference sensing circuit , which is configured to The voltage difference sensing circuit 16 is connected to 
output a current depending on a voltage difference between the power supply terminal 10 , the output terminal of the 
the power source voltage to be supplied to the power supply voltage regulator 100 , and one end of the switch 15 . 
terminal and the output voltage , and on an output current of The output current monitoring circuit 17 is connected to 
the output current monitoring circuit , which is configured to 30 the power supply terminal 10 , an output terminal of the error 

amplifier circuit 19 , and the one end of the switch 15 . output a current depending on a current flowing through the 
The other end of the switch 15 is connected to the output transistor . With such a configuration , the output reference voltage circuit 12 , and the switch 15 is controlled 

transistor can be turned off based on an increase in electric to be turned on and off with the output voltage VCMP of the power consumption by the output transistor . It is therefore , erelore 35 comparator circuit 13 . The switch 15 is turned on when the possible to prevent the output transistor from being damaged voltage VCMP is HIGH , and is turned off when the voltage 
due to heat . VCMP is LOW . 

Next , the details of the reference voltage circuit 12 , the BRIEF DESCRIPTION OF THE DRAWINGS switch 15 , the voltage difference sensing circuit 16 , and the 
40 output current monitoring circuit 17 that are illustrated in 

FIG . 1 is a circuit diagram of a voltage regulator having FIG . 1 are described with reference to FIG . 2 . 
a built - in overheat protection circuit according to one The reference voltage circuit 12 is formed of a constant 
embodiment of the present invention . current circuit 31 , a resistor 32 , a voltage follower circuit 33 , 

FIG . 2 is a circuit diagram of a reference voltage circuit , bleeder resistors 34 , 35 , and 36 , and a switch 37 . 
an electric power detecting circuit , a voltage difference 45 The bleeder resistors 34 , 35 , and 36 are connected 
sensing circuit , and an output current monitoring circuit in between an output of the voltage follower circuit 33 and a 
the overheat protection circuit illustrated in FIG . 1 . ground terminal VSS . 

FIG . 3 is a circuit diagram of a related - art voltage The switch 37 has one end connected to a node between 
regulator having a built - in overheat protection circuit . the resistors 35 and 36 , and the other end connected to the 

50 ground terminal VSS , and is controlled to be turned on and 
DETAILED DESCRIPTION OF THE off with the output voltage VCMP of the comparator circuit 

PREFERRED EMBODIMENTS 13 . The switch 37 is turned on when the voltage VCMP is 
HIGH , and is turned off when the voltage VCMP is LOW . 

Now , an embodiment of the present invention is described A node between the constant current circuit 31 and the 
with reference to the drawings . 55 resistor 32 is connected to one input terminal of the voltage 

FIG . 1 is a circuit diagram of a voltage regulator 100 of follower circuit 33 . 
the present invention . The voltage difference sensing circuit 16 is formed of a 

The voltage regulator 100 includes an output transistor transistor 38 having a source connected to the power supply 
( output driver ) 18 , an error amplifier circuit 19 , a reference terminal 10 , a gate connected to VOUT , and a drain con 
voltage circuit 20 , a voltage divider circuit formed of 60 nected to the one end of the switch 15 . Further , the output 
resistors 21 and 22 , and an overheat protection circuit 23 , current monitoring circuit 17 is formed of a transistor 39 
and has the following configuration . having a source connected to the power supply terminal 10 , 

The error amplifier circuit 19 is configured to compare a a gate connected to the gate of the output transistor 18 
divided voltage VFB generated by dividing an output volt - illustrated in FIG . 1 , and a drain connected to the one end of 
age VOUT by the voltage divider circuit , and a reference 65 the switch 15 . 
voltage VREF1 generated by the reference voltage circuit 20 Next , the operation of the overheat protection circuit 23 is 
to each other . The error amplifier circuit 19 is configured to described with reference to FIG . 1 and FIG . 2 . 
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In the normal state , the reference voltage circuit 12 circuit may all flow out because the output is stopped , with 
outputs the voltage VREF2 having a predetermined voltage the result that the voltage regulator may return to the normal 
value corresponding to a predetermined temperature for state soon . 
detecting an overheated state . Further , the switch 37 is turned off in order to decrease a 
When a temperature of the voltage regulator 100 increases 5 temperature for canceling the overheated state . Specifically , 

due to self - heating or increasing peripheral temperature , the veripheral temperature the the reference voltage VREF2 that has increased as described 
output voltage VF of the temperature sensing circuit 11 above is set to a voltage that is higher than the predetermined 
decreases with the characteristic of being about – 2 mV / ° C . voltage value by a resistance value of the resistor 36 , by 
Then , the comparator circuit 13 outputs LOW when the turning off the switch 37 . When the output voltage VREF2 
output voltage VF of the temperature sensing circuit 11 falls is 10 of the reference voltage circuit 12 is set to a high value , the 
below the output voltage VREF2 of the reference voltage reference temperature for canceling the overheated state 

after the overheated state is detected once may be set to a circuit 12 . low value . As a result , the PMOS transistor 14 is turned on and a gate The output voltage of the temperature sensing circuit 11 
voltage of the output transistor 18 thus increases . Hence , the 15 increases when the output of the voltage regulator is stopped 
output transistor 18 is turned off , and the output voltage due to detection of the overheated state , and a temperature 
VOUT of the voltage regulator becomes LOW . of the voltage regulator decreases . When the temperature 
Next , as a main feature of the present invention , the falls below the predetermined temperature for canceling the 

operation of the overheat protection circuit 23 for preventing overheated state , the output voltage of the temperature 
the output driver from being damaged due to heat is 20 sensing circuit 11 exceeds the output voltage VREF2 of the 
described . reference voltage circuit 12 , and the comparator circuit 13 

Under the above - mentioned normal state , when a voltage outputs HIGH . Then , the PMOS transistor 14 is turned off , 
difference between a power source voltage of the power and the gate voltage of the output transistor 18 thus 
supply terminal 10 and the output voltage VOUT increases , decreases . Consequently , the output transistor 18 is turned 
current flows from the power supply terminal 10 to the 25 on , and the output voltage VOUT of the voltage regulator 
ground terminal VSS via the transistor 38 of the voltage reaches the predetermined voltage again . 
difference sensing circuit 16 , the switch 15 , and the resistor As described above , according to this embodiment , even 
32 . Further , when an output current flowing through the when a temperature being sensed by the temperature sensing 

circuit 11 is lower than the predetermined temperature , the output transistor 18 increases , current flows from the power 
supply terminal 10 to the ground terminal VSS via the the 30 output voltage VREF2 of the reference voltage circuit 12 is 

controlled based on a current that is output by the voltage transistor 39 of the output current monitoring circuit 17 , the difference sensing circuit 16 and depends on a voltage switch 15 , and the resistor 32 . difference between the power source voltage and the output As a result , a current flowing through the resistor 32 voltage VOUT , and on a current that is output by the output increases , and the voltage VREF2B at the node between the en the 35 current monitoring circuit 17 and depends on a current constant current circuit 31 and the resistor 32 increases . flowing through the output transistor . In short , the output 
Consequently , the output voltage VREF2 of the reference voltage VREF2 is controlled based on electric power con 
voltage circuit 12 exceeds the above - mentioned predeter - sumption by the output transistor 18 . In this way , the 
mined voltage value . That is , the second reference voltage reference temperature for detecting the overheated state may 
VRERF2 is controlled based on an output current of the 40 be set to a low value . It is therefore possible to prevent the 
voltage difference sensing circuit 16 and on an output output transistor from being damaged due to heat . 
current of the output current monitoring circuit 17 . As described above , according to the present invention , a 

The output voltage of the temperature sensing circuit 11 detection temperature may be set to a low value when 
has the constant characteristic of being about - 2 mV / ° C . electric power loss is large . Further , a functional test of 
Thus , the temperature for detecting the overheated state is 45 overheat protection circuits in mass production may be 
set to a low value when the output voltage VREF2 of the performed under low temperature by setting electric power 
reference voltage circuit 12 increases . loss to a large value such that a detection temperature 

Hence , when the reference voltage VREF2 that has been decreases . When the test may be performed under low 
increased by the voltage difference sensing circuit 16 , the temperature , there are provided effects that waiting time for 
output current monitoring circuit 17 , the switch 15 , and the 50 reaching a set temperature is reduced , and necessity of 
reference voltage circuit 12 exceeds the output voltage VF high - temperature members is eliminated to reduce costs . 
of the temperature sensing circuit 11 , the output voltage What is claimed is : 
VCMP of the comparator circuit 13 becomes LOW , and the 1 . A voltage regulator , comprising : 
PMOS transistor 14 is thus turned on . an output transistor configured to output an output volt 

As a result , the voltage VEAO to be supplied to the gate 55 age ; 
of the output transistor 18 reaches the power source voltage a first reference voltage circuit configured to generate a 
of the power supply terminal 10 . Then , the output transistor first reference voltage ; 
18 is turned off , and the output voltage VOUT of the voltage a voltage divider circuit configured to divide the output 
regulator becomes LOW . In short , output of the voltage voltage to generate a divided voltage , and to output the 
regulator is stopped . 60 divided voltage ; 
At this time , the switches 15 and 37 are turned off based an error amplifier circuit configured to receive the first 

on the output voltage VCMP of the comparator circuit 13 reference voltage and the divided voltage , and to con 
being LOW . trol the output transistor such that the output voltage is 

Here , the switch 15 is turned off because of the following constant ; and 
reason . Specifically , if the switch 15 is still on after the 65 an overheat protection circuit configured to detect an 
overheated state is detected and the output is stopped , there overheated state , and to turn off the output transistor , 
is a fear in that a current of the output current monitoring the overheat protection circuit comprising : 
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a temperature sensing circuit configured to output a a voltage follower circuit configured to receive , as 
voltage depending on temperature ; input , a voltage of the one end of the first switch ; 

a voltage difference sensing circuit configured to output a bleeder resistor comprising a first resistor , a second 
a current depending on a voltage difference between resistor , and a third resistor connected between an 
a power source voltage to be supplied to a power 5 output of the voltage follower circuit and the ground 
supply terminal and the output voltage ; terminal in the stated order ; and 

an output current monitoring circuit configured to out a second switch that includes one end connected to a put a current depending on a current flowing through node between the second resistor and the third resis the output transistor ; tor and another end connected to the ground termi a second reference voltage circuit configured to gener - 10 nal , the second switch being turned on when the ate a second reference voltage ; output transistor is turned on and being turned off a comparator circuit configured to compare an output when the output transistor is turned off , and voltage of the temperature sensing circuit and the 
wherein a voltage of a node between the first resistor and second reference voltage to each other ; and 

an overheat protection transistor that includes a gate for 15 the second resistor reaches the second reference volt 
receiving a result of the comparison by the compara age . 
tor circuit , and is configured to turn off the output 3 . A voltage regulator according to claim 2 , wherein the 
transistor when the result of the comparison indicates voltage difference sensing circuit comprises a transistor 
the overheated state , including a source connected to the power supply terminal , 

the second reference voltage of the second reference 20 a gate connected to the output voltage , and a drain connected 
voltage circuit being controlled based on an output to the one end of the first switch . 
current of the voltage difference sensing circuit and on 4 . A voltage regulator according to claim 3 , wherein the 
an output current of the output current monitoring output current monitoring circuit comprises a transistor 
circuit . including a source connected to the power supply terminal , 

2 . A voltage regulator according to claim 1 , further 25 a gate connected to a gate of the output transistor , and a drain 
comprising a first switch that is provided between an output connected to the one end of the first switch . 
of the voltage difference sensing circuit and an output of the 5 . A voltage regulator according to claim 2 , wherein the 
output current monitoring circuit , and the second reference output current monitoring circuit comprises a transistor 
voltage circuit , the first switch being turned on when the including a source connected to the power supply terminal , output transistor is turned on and being turned off when the 30 a gate connected to a gate of the output transistor , and a drain output transistor is turned off , connected to the one end of the first switch . wherein the second reference voltage circuit comprises : 6 . A voltage regulator according to claim 2 , wherein the a constant current circuit connected between the power 

supply terminal and one end of the first switch ; first switch and the second switch are controlled based on 
a resistor element connected between the one end of the 35 output of the comparator circuit . 

first switch and a ground terminal ; * * * * * 


